Regulation of protein kinase C by nerve growth factor, epidermal growth factor, and phorbol esters in PC12 pheochromocytoma cells.
We have used a permeabilized cell assay and a synthetic peptide substrate (KRTLRR) to specifically monitor the activity of protein kinase C in PC12 cells preincubated with nerve growth factor (NGF), epidermal growth factor (EGF), or phorbol esters. Pretreatment of PC12 cells with 1 microM 12-O-tetradecanoylphorbol 13-acetate or 1 microM phorbol dibutyrate stimulated the rate of KRTLRR peptide phosphorylation 4.8- and 2.6-fold, respectively. Furthermore, pretreatment of cells with NGF or EGF transiently increased the KRTLRR peptide kinase activity. Peak stimulations of KRTLRR peptide kinase (1.3-2-fold) were observed after 1-5 min of growth factor treatment and returned to control levels within 15-20 min. The KRTLRR peptide kinase activity fulfilled two criteria of protein kinase C. A synthetic peptide inhibitor of protein kinase C inhibited both growth factor- and phorbol ester-stimulated KRTLRR peptide kinase activity. In addition, growth factors and phorbol esters failed to stimulate KRTLRR peptide kinase activity in cells rendered protein kinase C-deficient by long-term treatment with 1 microM 12-O-tetradecanoylphorbol 13-acetate. In contrast to the transient activation of protein kinase C, ribosomal S6 kinase, assayed with the synthetic peptide RRLSSLRA, was persistently activated by NGF and EGF. The findings indicate that protein kinase C serves an early and transient role in the molecular actions of NGF and EGF in PC12 cells.